I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

*Clostridium difficile* (CD) is an anaerobic, Gram-positive, spore-forming, toxin-producing bacillus.\[[@ref1]\] The bacterium was first isolated in the 1930s and found to be the cause of antibiotic-associated pseudomembranous colitis (PMC) in the late 1970s.\[[@ref2][@ref3][@ref4]\] Approximately 1%--4% of the general population and 7%--26% of hospitalized patients are colonized with CD,\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] thus contributing to the phenomenon of "asymptomatic carriage."\[[@ref9]\] Currently, there is no evidence to support active treatment of asymptomatic CD to either reduce symptomatic infections or disease transmission.\[[@ref10][@ref11]\] Transmission of CD occurs predominantly through the fecal--oral route.\[[@ref12]\] Although lack of colonic microbial diversity plays a major role in the emergence of PMC, the exact mechanism that causes symptomatic infection is still unclear.\[[@ref3][@ref5][@ref11][@ref13]\]

Currently, CD is one of the most common healthcare-associated infections in US hospitals.\[[@ref14]\] The acquisition of toxigenic CD involves horizontal transmission from the contaminated hands of healthcare personnel or other surfaces with a concurrent disruption of the gut microbiota. The principal virulence factors of CD are toxin A and B that contribute to cytoskeletal damage and disruption of cell--cell junctions, culminating in intestinal epithelial injury and the associated pseudomembranous lesions \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref15][@ref16]\] The prevalence of CD infection (CDI) has increased since the emergence of the BI/NAP/027 strain of CD in the 2000s.\[[@ref17][@ref18]\] It is also the most common cause of healthcare-associated infectious diarrhea and has become less responsive to treatment over the past two decades.\[[@ref19][@ref20]\] CDI-related mortality increased from 10/1,000,000 to 48/1,000,000 person-years between 1999 and 2007, with \>80% of deaths occurring in patients ≥65 years old.\[[@ref21][@ref22]\] It is estimated that the annual incidence of CDI is 453,000, with approximately 29,300 deaths,\[[@ref23]\] in addition to the attributable economic burden of US \$6.3 billion and 2.4 million hospital days.\[[@ref24]\]

![Colonoscopic image showing the presence of pseudomembranes characteristic of *Clostridium difficile* colitis](JGID-10-47-g001){#F1}

Antibiotics disrupt normal colonic microbiota diversity, with clindamycin and carbapenems carrying the highest risk for CDI.\[[@ref25]\] Other factors associated with CDI include age \>65 years, use of proton pump inhibitors (PPIs), and recent hospital admission.\[[@ref26]\] The risk of CDI is greater if the prevalence of CDI at the hospital is high during an admission, a concept known as "colonization pressure."\[[@ref27]\] Inflammatory bowel disease, chemotherapy, ongoing malignancy, chronic kidney and liver disease, pregnancy, HIV infection, chronic corticosteroid treatment, and gastrointestinal (GI) surgery or manipulation (including feeding tubes) are additional risk factors.\[[@ref6][@ref11][@ref12][@ref28][@ref29][@ref30][@ref31]\] The recent increase in the incidence of CDI may be due to demographic changes among admitted patients, including older age, multi-morbidity, polypharmacy, as well as the emergence of the BI/NAP/027 strain.\[[@ref6][@ref32]\] Recurrent CDI (RCDI) has been associated with continued use of antibiotics, severe initial CDI, older age, multiple comorbidities, and gastric acid suppression therapy.\[[@ref11][@ref33]\] About one-third of the recurrences are due to reinfection from a different strain.\[[@ref34]\]

The diagnosis of CDI is mainly clinical (e.g., the emergence of abdominal pain and diarrhea) with laboratory confirmation.\[[@ref7][@ref11][@ref12][@ref35][@ref36]\] Endoscopy may help estimate disease severity. Imaging studies such as computed tomography provide only limited diagnostic value but are useful in stratifying disease severity when pancolitis is observed \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref7][@ref36][@ref37]\] The clinical spectrum of the disease ranges from mild diarrhea to potentially lethal colitis.\[[@ref4][@ref32]\] Leukocytosis \>30,000/mL or 50% increase in baseline creatinine is associated with worse prognosis.\[[@ref35][@ref38]\]

![Appearance of pancolitis associated with *Clostridium difficile* infection on abdominal computed tomography scan. Note the presence of diffuse inflammation in ascending, descending and sigmoid colon (arrows)](JGID-10-47-g002){#F2}

Fecal microbiota transplantation {#sec2-1}
--------------------------------

Descriptions of medical applications of fecal microbiota transplantation (FMT) date back to 4^th^ century, with subsequent descriptions between 14^th^ and 17^th^ centuries.\[[@ref29][@ref39]\] In the 1950s, Eiseman described a series of four patients with PMC treated effectively with FMT.\[[@ref40]\] However, it was not until 1983 that the first documented case of confirmed CDI was cured with FMT.\[[@ref41]\] Although retention enema was the usual route for FMT delivery, the use of a nasogastric tube was also reported in early 1990s.\[[@ref42]\] More recently, FMT application through self-administered enema or colonoscopy became the preferred approaches.\[[@ref12][@ref39][@ref43]\] Over the past two decades, increasing amount of evidence accumulated in support of more routine use of FMT.\[[@ref44]\] Major professional societies advocate the use of FMT in the setting of RCDI, with the major source of controversy being the number of recurrences before FMT is to be utilized (e.g., second vs. third).\[[@ref12][@ref13][@ref35][@ref45][@ref46]\]

Rationale for the current study {#sec2-2}
-------------------------------

The goal of the current study was to assess the feasibility and efficacy of FMT at our regional health network\'s community-based university hospital. We sought to describe in detail our early clinical outcomes and the steps involved in FMT protocol (FMTP) implementation, including any associated barriers.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

After approval by the Institutional Review Board (IRB), we performed a retrospective review of a prospective institutional FMT registry. The study examined FMT administration for the treatment of patients with RCDI, severe CDI, or complicated CDI (CCDI). Infection Control Committee approval was granted before FMT procedures were allowed to proceed. All study-related treatments took place between July 2015 and February 2017. Colonoscopic FMT procedures were performed at the same hospital, by six different physicians, and following the same standardized FMTP.

Before FMT procedure, all patients were screened for hepatitis A, B, C, syphilis, and HIV infections. Stool samples were also sent for routine culture and for ova and parasite assessments. Other considerations included prior history of malignancy and risk factors for immunosuppression. Patients were informed that although associated with high cure rates, FMT is not FDA approved. Disclosure was also made that our understanding of associated side effects is incomplete, including potential risk for transmission of unrecognized infectious disease(s), especially in immunosuppressed patients. After detailed discussion of risks and benefits, informed consent was obtained from each patient before the colonoscopic FMT procedure. Clinical follow-up with the treating physician was mandatory, and further follow-up included a nurse call after 3 months.

Definitions {#sec2-3}
-----------

Diarrhea was defined as three or more loose stools within any given 24-h period, corresponding to Bristol stool chart types 5--7.\[[@ref35]\] CDI was defined as the presence of diarrhea plus identification of toxigenic CD by nucleic acid amplified test using polymerase chain reaction.\[[@ref47]\]

Primary cure was considered when diarrhea resolved by the 6^th^ day posttreatment or after a negative CDI test in those patients with persistent loose stools after treatment. Therapeutic failure was defined as persistent diarrhea and positive CDI test 6 days posttreatment. Testing for CDI in asymptomatic patients without diarrhea was not performed due to continued shedding of CD spores.\[[@ref11]\] There is no standard definition for CDI recurrence, and it is often difficult to distinguish a relapse from reinfection with a different strain. Because most recurrences happen within 2--5 weeks of treatment, some authors consider an episode to represent a recurrence after 8 weeks of treatment.\[[@ref12][@ref35]\] We defined recurrence as the presence of diarrhea with a positive CDI test ≥21 days after initial cure.\[[@ref48]\] Secondary cure was considered when CDI-associated diarrhea resolved after vancomycin retreatment, with or without repeat FMT.\[[@ref49]\] Eradication of antibiotic-resistant CDI using FMT in the setting of recurrence was also considered secondary cure.\[[@ref50]\] All patients in the current study were clinically followed for at least 3 months.

Disease severity assessment {#sec2-4}
---------------------------

To assess disease severity, we used the HVCSS due to its good correlation with severe CDI.\[[@ref51]\] This score relies on clinical, laboratory, and radiological variables known to be associated with CDI severity, all obtained within 3 days of documented CDI.\[[@ref52]\] In the current study, severe disease was defined as HVCSS ≥3. CCDI was defined as "ongoing clinical deterioration" with organ failure after 72 h of conventional treatment and/or severe colitis.

Fecal microbiota transplantation procedure {#sec2-5}
------------------------------------------

The technique used at our institution mirrors other previously published FMTPs using colonoscopy.\[[@ref13][@ref49][@ref53][@ref54][@ref55]\] All patients took preprocedure oral vancomycin for CDI. The vancomycin was stopped after FMT, except in patients with CCDI. Although antibiotics and bowel lavage before FMT have been associated with post-FMT relapse,\[[@ref56]\] preprocedure bowel preparation was done in all patients using polyethylene glycol. Fecal samples were acquired from OpenBiome (Somerville, Massachusetts, USA), a centralized nonprofit stool bank. Obtained from prescreened unrelated and anonymous donors, specimens consist of 250 mL of frozen stool. Each sample was then thawed for 4 h until the consistency of the suspension permitted aspiration with a syringe. At that time, colonoscopy was performed, and after visualizing the terminal ileum, systematic application of FMT was performed beginning in the terminal ileum and cecum and then continued distally until mid-transverse colon was reached.

Patient inclusion criteria {#sec2-6}
--------------------------

All study patients had active CDI, were at least 18 years of age, and had a life expectancy of at least 3 months. Patients were offered FMT after presenting with three or more CDI recurrences, having two or more hospital admissions with severe CDI, or experiencing their first episode of CCDI. As outlined above, IRB approval was obtained and each patient signed a separate informed consent before FMT.

Data collection {#sec2-7}
---------------

Centralized data collection was performed using the REDCap Electronic Data Capture system (REDCap Project, Vanderbilt University, Nashville, TN, USA). Variables collected included patient demographics (age and gender), severity of infection (HVCSS), number of CDI recurrences for each patient, history of antibiotic administration, use of PPIs, opioid utilization, history of previous cholecystectomy or colonic surgery, and immunosuppression. In terms of outcomes, each patient\'s response to treatment was recorded, including morbidity, mortality, clinical FMT efficacy and any treatment-associated side effects.

Statistical analysis {#sec2-8}
--------------------

We used descriptive statistics, including frequencies and measures of central tendencies to report study results. Due to lack of comparison groups, no statistical testing was performed.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Thirty-five patients underwent FMT for clinical indications approved by our FMTP (e.g., RCDI, severe CDI, or CCDI). Colonoscopic FMT instillation was used in all 35 cases. Mean patient age was 58.6 ± 18.3 years, with females constituting 69% of the study sample (24/35). Overall, 31/35 patients (88.6%) had documented exposure to antibiotics before the CDI diagnosis. The most commonly reported antibiotic types included clindamycin (*n* = 6), cephalosporins (*n* = 7) and quinolones (*n* = 6) \[[Figure 3](#F3){ref-type="fig"}\]. Five patients (14%) were admitted to the Intensive Care Unit for severe CDI.

![Breakdown of pre-*Clostridium difficile* infection antibiotic use among study patients](JGID-10-47-g003){#F3}

The majority of patients (21/35 or 60%) had ≥3 (mean, 2.7) CDI recurrences before undergoing FMT. Overall, FMT was successful in 33 patients (94%). Primary cure was achieved in 30 cases (86%). Two patients with initial primary cure experienced recurrence and were subsequently cured after prolonged (6 weeks) oral vancomycin treatment. Global study outcome summary is shown in [Figure 4](#F4){ref-type="fig"}. Thirteen patients (37%) reported at least one FMT-related complaint, with four reporting more than one side effect \[[Figure 5](#F5){ref-type="fig"}\].

![Each treatment stage for the study cohort, including primary modalities employed and the associated cure/failure incidences. CDI = *Clostridium difficile* infection; FMT = Fecal microbiota transplant](JGID-10-47-g004){#F4}

![Categorical breakdown of reported side effects among patients treated with fecal microbiota transplantation. Most common complaints included loose stools and abdominal pain](JGID-10-47-g005){#F5}

Patients with three or more recurrences {#sec2-9}
---------------------------------------

Three or more recurrences were recorded in 21/35 patients (60%) prior to undergoing FMT therapy. The overall cure rate in this group was 100%, with 90% (19/21) primary cures. Of note, 6/12 (29%) of patients in this group were classified as having severe CDI at the time of FMT administration.

Patients with severe *Clostridium difficile* infection {#sec2-10}
------------------------------------------------------

Overall, 10/35 (29%) patients had severe disease before undergoing FMT. The median HVCSS in this group was 3 (range 3--6). Within this subset, FMT was successful in 80% (*n* = 8), with primary cure achieved in 60% (*n* = 6) of cases. All patients were treated with oral vancomycin, and intravenous metronidazole was added in four patients. All patients with severe CDI received at least 7 days of antibiotics. Further details regarding outcomes in this group of patients are outlined in [Table 1](#T1){ref-type="table"}, including detailed listing of HVCSS subcomponents.

###### 

Summary of study patients with severe *Clostridium difficile* infection

![](JGID-10-47-g006)

Patients with complicated *Clostridium difficile* infection {#sec2-11}
-----------------------------------------------------------

CCDI was present in four cases, with three CCDI cases occurring during the initial episode/presentation \[[Figure 6](#F6){ref-type="fig"}\]. In this group, FMT was utilized during active inpatient treatment, with affected patients experiencing clinical deterioration despite 72 h of conventional management. Fifty percent of patients (2/4) in this group were cured after FMT and two progressively worsened, requiring colectomy for refractory CCDI (with 1 cure and 1 death in this subgroup). Of note, patients who required colectomy had higher HVCSS (5.5 vs. 3.0) compared to patients with CCDI who did not require surgery.

![The distribution of severe complicated *Clostridium difficile* infection cases. The Hines VA *Clostridium difficile* infection Severity Score was higher for cases requiring colectomy (5.5) than for cases where complicated *Clostridium difficile* infection resolved after fecal microbiota transplantation-based management](JGID-10-47-g007){#F6}

Initial fecal microbiota transplantation failures {#sec2-12}
-------------------------------------------------

Initial FMT failure to cure was noted in 5/35 (14.3%) of CDI cases \[[Table 2](#T2){ref-type="table"}\]. These patients were subsequently treated with either long-term vancomycin or colectomy. A 6-week course of vancomycin was used in three cases, with two secondary cures after single treatment. Another patient with post-chemotherapy neutropenia required two courses of vancomycin before achieving cure. Two patients had CCDI and required colectomy as outlined in Figures [4](#F4){ref-type="fig"} and [6](#F6){ref-type="fig"}.

###### 

Summary of cases involving initial fecal microbial transplantation failure (*n*=5)

![](JGID-10-47-g008)

When compared to cases where primary FMT cure was achieved, FMT failures were associated with greater age (69.9 vs. 56.7), severe CDI (80% vs. 13%), female gender (80% vs. 67%), as well as active opioid use at the time of both the initial infection (60% vs. 37%) and FMT (60% vs. 27%). There were no differences between primary FMT failures and cures in terms of PPI use (40% vs. 40%), immunosuppression (20% vs. 27%), or previous cholecystectomy (20% vs. 23%). Of note, prior colonic surgery was less common in the FMT failure group (0% vs. 17%). [Table 3](#T3){ref-type="table"} depicts full comparison of primary FMT cures and failures.

###### 

Comparison of "primary failure" versus "primary cure" fecal microbiota transplantation groups

![](JGID-10-47-g009)

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Human stool is composed mostly of water, with approximately 6%--14% of the total content being microbial cells.\[[@ref43][@ref57][@ref58]\] Of those, about half are live bacteria from over 1000 species and the remainder is attributed to dead microbial matter.\[[@ref43][@ref57][@ref58]\] Bacterial presence in the GI tract helps protect the host against pathogenic organisms, plays a role in protein metabolism and vitamin synthesis, and is critical during the proliferation and differentiation of colonic epithelial cells.\[[@ref59][@ref60]\] The loss of the fragile intestinal microbiota balance (e.g., "dysbiosis") can be associated with severe consequences, including life-threatening infections.\[[@ref4][@ref43]\] It is well known that antibiotics disrupt the indigenous microbiota that "resist" the colonization of the gut by pathogenic bacteria. Not all antibiotics carry the same CDI risk profile. Clindamycin and carbapenems carry the highest risk which is further increased with the use of multiple antibiotics and prolonged therapeutic exposures.\[[@ref4][@ref25][@ref61]\] In this series, CDI was most frequently associated with exposure to clindamycin, cephalosporins, and quinolones.

The traditional CDI management approach consists of an attempt to eradicate CD using vancomycin and/or metronidazole for a pre-defined time course, depending on disease severity and initial versus recurrent episode status.\[[@ref12][@ref62]\] FMT became increasingly popular as an option for the management of recurrent, difficult-to-treat CDI.\[[@ref44][@ref63]\] In general, FMT is thought to prevent CDI recurrences through the introduction of microbiota that more effectively compete with CD for nutrients and thus reduce colonization risk. More specifically, healthy patients have much higher colonic content of *Bacteroides* spp., while patients with CDI have proportionately more *Proteobacteria*.\[[@ref64]\] Application of FMT reestablishes normal bowel homeostasis, function, and metabolic balance by restoring the intestinal microbiota and facilitating "colonization resistance" through promoting the growth of *Bacteroides* and *Firmicutes* while reducing *Proteobacteria*.\[[@ref65][@ref66][@ref67]\] Studies show that microbiota of FMT recipients are similar to those of the donor at 2 weeks post-FMT, including the restoration of *Bacteroides* spp. \[[@ref39][@ref58]\] Importantly, post-FMT microbiota diversity may be lower in elderly patients.\[[@ref68]\] *Roseburia* and *Lachnospiraceae* are butyrate-producing bacteria implicated in host defense, maintaining epithelial integrity and reducing intestinal permeability. They are critical to stopping the perpetuation and worsening of CDI.\[[@ref29][@ref65][@ref68]\] Other endogenous bacteria either directly or indirectly inhibit CD via diverse mechanisms.\[[@ref5][@ref69][@ref70]\] End result of FMT is the restoration of physiologic and immune homeostasis within previously disrupted colonic mucosa, limiting the growth of pathogenic CD.\[[@ref4][@ref5][@ref61]\]

The current study demonstrates high efficacy of FMT for RCDI, with the primary FMT-attributable cure of 86%. It is important to note that FMT-attributable cures can vary from 81% for "primary cure"\[[@ref71][@ref72]\] to 100% for "overall cure,"\[[@ref73]\] with the most commonly reported "cure range" between 87% and 94%.\[[@ref11][@ref12][@ref30][@ref43][@ref45][@ref46][@ref56][@ref73][@ref74][@ref75][@ref76][@ref77]\] The literature supports our findings, with approximately 80% reported cure rate for FMT, compared to 23%--31% cure rates with bowel lavage plus vancomycin or vancomycin alone.\[[@ref44][@ref71]\] Of note, overall FMT cures were previously reported at 94%, in line with the findings of the current series.\[[@ref71]\] Our patients underwent treatment with donated stool samples. This approach was chosen *a priori* due to published evidence that banked stool may have greater efficacy than autologous samples.\[[@ref78]\] Although more expensive, colonoscopic FMT instillation has been associated with better treatment response.\[[@ref66][@ref74]\] The use of frozen stool samples appears noninferior to fresh stool utilization.\[[@ref56][@ref79][@ref80]\]

The cure rate also appears to correlate with patient age, with the cutoff of 65 years being associated with an approximate 10%--15% reduction in reported success rates.\[[@ref76]\] This is corroborated by our study\'s findings, with therapeutic FMT failure group being approximately 14 years older than the FMT cure group. Of importance, it was previously noted that the absence of BI/NAP/027 strain is associated with near-universal cure while its presence decreases the cure rate to \<90%.\[[@ref73]\]

The current series supports the notion that severe CDI or CCDI is significantly more likely to be associated with FMT failure. In severe CDI, our primary and overall cures were 60% and 80%, respectively. The primary cure dropped further to 50% in CCDI cases, with ongoing clinical deterioration necessitating colectomies in the affected subgroup. Literature corroborates these findings, with substantially lower primary cure rates seen in both severe CDI (\<80%) and CCDI (\<50%).\[[@ref81][@ref82]\] In addition, FMT failure has been associated with the number of CDI-related hospitalizations, where each consecutive episode increased the probability of failure by 1.4-fold.\[[@ref72]\] It is important to note that increasing HVCSS strongly correlates with the severity of CDI.\[[@ref51]\] In the current series, surgery was needed in two patients (6%) and was associated with mortality of 50%. Although the use of surgery for CDI has decreased following the introduction of FMT,\[[@ref30]\] mortality associated with treatment failures requiring surgery can be as high as 75%.\[[@ref61]\]

The FMT procedure is very well tolerated by patients, with up to 97% of recipients being willing to repeat treatment if needed.\[[@ref29][@ref83]\] In our experience, adverse events associated with FMT are usually mild and self-limited. Abdominal pain, loose stools, and dizziness constituted the most common complaints, largely consistent with the previously published data.\[[@ref84]\] Even in cases involving clinical cure, initial post-FMT stool consistency can still be loose and it may take weeks for the bowel pattern to normalize.\[[@ref11]\] FMT application is not risk-free, however. Nasogastric or nasojejunal administration routes have been associated with bleeding, enteritis, peritonitis, aspiration pneumonia, and very rarely mortality.\[[@ref84][@ref85]\] Colonoscopic FMT instillation has been associated with colonic perforations.\[[@ref29][@ref73]\] Although causative relationship is difficult to prove, there are also reports of a febrile response, headache, lymphadenopathy, transiently elevated C-reactive protein, Gram-negative bacteremia, urinary tract infection, constipation, renal failure, as well as opportunistic viral infections.\[[@ref69][@ref84][@ref86]\]

Reporting on long-term adverse effects of FMT is still limited. However, patients should be counseled about the possibility of as-yet-unknown risks associated with FMT given the complex interplay between transplanted microbiota and the recipient bowel.\[[@ref67][@ref69][@ref87]\] Experience is also limited regarding FMT safety in immunosuppressed patients, although FMTs were performed in this setting without apparent adverse events.\[[@ref22][@ref39][@ref45]\] Approximately one in four patients in the current study had evidence of some degree of immunosuppression, including history of malignancy, recent chemotherapy, and use of immunomodulating agents. No severe adverse effects were reported in this group. Because FMT is categorized as human tissue, the FDA exercises enforcement discretion in the use of FMT for the treatment of CDI refractory to standard therapy and stresses the importance of informing patients about the investigational nature of FMT while obtaining informed consent.\[[@ref13][@ref22][@ref29]\]

Clinical management guidelines for CDI discourage the use of antimotility agents,\[[@ref31][@ref35]\] primarily due to the association between antiperistaltic regimens and the onset of complicated disease featuring acute pathologic colonic distention and increased mortality.\[[@ref6][@ref12][@ref36]\] These guidelines do not specifically address opioids, despite similar antimotility properties and greater incidence of CDI with moderate-to-high opiate use.\[[@ref88]\] In most cases of high acuity illness, the use of opioids may be unavoidable due to the presence of severe pain. Physiologic effects of opioids on the bowel include the appearance of nonperistaltic contractions and increased absorption of fluids, resulting in harder stools.\[[@ref89][@ref90][@ref91][@ref92]\] Therefore, opioids may help prolong bacterial spore contact with the colonic mucosa and thus promote CD colonization.\[[@ref88]\] Consequently, it is not surprising that opioid use has been associated with 3-fold increase in CDI risk \[[@ref27]\] as well as 2.5 times the odds of severe and CCDI.\[[@ref93][@ref94]\] In the current series, substantial proportion of patients utilized opioids before and during their active infection, with many continuing opioid use beyond the acute CDI episode. It is not clear whether opioids contributed to recurrence in our study; however, the proportion of opioid users was much higher among patients who failed FMT when compared to those who experienced primary cure. Further investigation of the relationship between opioid use and CDI recurrence is warranted. It is unknown if laxatives or opioid antagonists could counteract the effect of opioids on the overall CDI risk profile.

Challenges in implementing institutional fecal microbiota transplantation protocol {#sec2-13}
----------------------------------------------------------------------------------

Despite the potential for complications being very low, institutional implementation of FMTP requires buy-in from both administrative and clinical leadership. Initial deployment may require approvals from institutional Infection Control Committee, Ethics Committee/IRB, and other local regulatory bodies. Team members responsible for FMTP introduction should have good working knowledge of any pertinent institutional, local, regional, and national laws and regulations. A group of FMT experts should be created to guide this process and to ensure harmonious FMTP implementation with focus on staff education and patient safety.

After institutional approvals were granted for FMTP deployment at our institution, significant amount of effort was devoted to educating providers and staff about the process, ensuring that the protocol can be implemented without creating confusion or workflow disruptions. Close oversight by pertinent institutional leadership was provided during the initial FMT applications. There was great attention to procedural harmonization, especially since every FMT was performed via colonoscopy, following the same steps regardless of the administering provider. It is critical to maintain this harmonization, regardless of whether surgical or gastroenterology services perform the procedure.

We also feel strongly that the best way to streamline the FMT process would be to have on-demand access to banked frozen stool, thus facilitating the conduct of emergency procedures. At our institution, FMT stool specimens are obtained from a centralized stool bank per request, with two samples made available for each instance/application. A dedicated fridge assigned exclusively to FMT storage is mandated, with frozen stool specimens requiring stable temperature of −80°C. Properly stored specimens are considered viable for 6 months. Because FMT is classified by the FDA as a biological agent, regulatory considerations apply. Currently, the FDA strongly encourages local IRB approval for FMT under an investigational new drug pathway.\[[@ref95]\] Finally, FMT may not be universally covered by health insurance plans; therefore, the patient may be required to pay for the procedure out of pocket.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

This report of single-institution experience supports the use of FMT as a safe and effective therapy for RCDI or severe CDI. Given its retrospective design, the current study is inherently subject to biases. The purely descriptive nature of this report, combined with the potential presence of confounding variables, limits the applicability of our results to other institutions or settings. Despite promising short-term results, questions remain about long-term safety of FMT in both immunocompetent and immunosuppressed patients. Clinical indications for FMT will likely continue to evolve, including the number of CDI recurrences before FMT is triggered. It is also not clear how many FMT application procedures are required to optimize treatment efficacy. In the current study, opioid use was more prevalent among patients who failed FMT, both before and during active treatment. Consequently, the role of opioids as modulators of CDI severity should be further investigated.
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